EXPRESS MAIL LABEL NO. EL692233521US 

PATENT 
Atty. Docket No.: LLY-004 



SYSTEM AND METHOD FOR DETERMINING AND REDUCING 
CUSTOMER SERVICE IMPACT 

Cross-Reference to Related Application 
This application is a continuation-in-part of U.S. Patent Application Serial No. 
09/421,834, filed on October 20, 1999, which claims priority to U.S. Provisional Patent 
Application Serial No. 60/105,129 filed on October 21, 1998, and this application is a 
continuation-in-part of U.S. Patent Application Serial No. 09/593,336, filed June 14, 2000, 
which is a continuation of U.S. Patent Application Serial No. 09/065,932, filed April 24, 1998, 
now U.S. Patent No. 6,088,626, issued May 9, 2000, which is a continuation of U.S. Patent 
Application Serial No. 08/250,179, filed May 27, 1994, now U.S. Patent No. 5,787,000, issued 
July 28, 1998, and this application claims priority to U.S. Provisional Patent Application Serial 
No. 60/160,447, filed October 19, 1999. 

Technical Field 

The invention relates to manufacturing and distribution facility management and, more 
particularly, to computer-based tools for improving the profitability of manufacturing and 
distribution facilities. 

Background Information 
Manufacturing and distribution facility managers use metrics to measure the productivity 
of a facility, and to determine what changes can be made to improve the operation of the facility. 
Metrics are used because it is difficult for any one person to otherwise understand how a large, 
complex system such as a manufacturing or distribution facility is performing. The choice of 
metric is important because changes that improve the facility as measured by the chosen metric 
are judged to be worthwhile and are encouraged by facility management. Changes that deplete 




the operation of the plant, as measured by the chosen metric, are judged to be detrimental to the 
operation of the facility, and are therefore discouraged by facility management. 

Summary of the Invention 

Although computer-based tools have been available for the purpose of managing systems 
such as manufacturing plants, there is a need for a software tool that can help a manufacturing 
facility manager effectively determine the customer service impact of scheduling changes. An 
important ingredient to a company's success is how well the company services its customer's 
demands. It is therefore useful for suppliers to measure their own expected delivery 
performance. For example, a customer service impact display in one embodiment of the 
invention shows the degree of lateness of one or more customer orders. A manager can identify 
work orders which are scheduled to be late, and that will affect the timely shipment of future 
customer orders. A manager can identify the impact of lateness on one or more customers, and 
compare the impact of scheduling changes. A manager can also use tools such as utilization, 
contention, and material constraint inquiries to identify the cause of lateness in order to correct it. 

Customer service impact can be measured in a number of ways. For example, customer 
service impact can be measured by measuring the amount of time by which an item order is late, 
that is by determining the time difference between the desired completion date and the scheduled 
completion date. The time late can be measured in various ways. For example the time 
difference can be measured in days, hours, minutes, or even weeks, months, or years, or some 
combination. As another example, the number of days late can be used to measure customer 
service impact. 

. Customer service impact can also be measured by determining the value of a late item 
order, such as by determining the number of units that are late, multiplying that number by the 
unit price and subtracting any commission or discounts. For example, the dollar amount late can 
be used to measure customer service impact. 

Customer service impact can also be measured by determining the value-time late, that is, 
by determining the time difference between the desired completion date and the scheduled 
completion date, and multiplying the time difference by the value (as described above) of the late 




item order. For example, the dollars-days measurement for an item order that is 4 days late and 
has a value of $1000.00 would be 4000 dollar-days. 

Customer service impact can also be measured by measuring the opportunity lost, that is 
the amount of money a company would lose by not being able to put the revenue from the item 
order into an investment, such as a money market account. The opportunity lost can be 
determined by multiplying the time difference by the value and multiplying the result by a 
predetermined interest rate. For example, in a simple implementation, the opportunity lost is the 
value-days measurement multiplied by a daily interest rate. In a more complex implementation, 
a compounding interest formula is used. 

Customer service impact, whether measured in terms of time, money, or some 
combination of the two, is useful for providing the manager with a way of determining the 
customer service impact of a schedule. Scheduling changes can be made to minimize customer 
service impact, or to minimize the customer service impact on one or a group of particular 
customers. 

In general, in one aspect, the invention features a computerized method for determining 
customer service impact. Item orders having a requested completion date are received. A 
completion date for each item order is scheduled. One or more item orders, each having a 
scheduled completion date, are selected, and the scheduled completion dates for the item orders 
are compared with the requested completion dates. A customer service measurement is derived 
for each selected item order based on the comparison. Optionally, customer service 
measurement data is reported and/or displayed. 

In another aspect, the invention relates to a system for determining customer service 
impact. The system includes a receiver for receiving item orders, and a scheduler for scheduling 
a scheduled completion date for each item order. The system also includes a selector for 
selecting at least one item order, each item order having a scheduled completion date, and a 
comparitor for comparing the scheduled completion date with the requested completion date for 
the selected at least one item orders. The system also includes a measurement subsystem for 
deriving a customer service measurement for each selected item order based on the comparison. 

The foregoing and other objects, aspects, features, and advantages of the invention will 
become more apparent from the following description and from the claims. 




Brief Description of the Drawings 

In the drawings, like reference characters generally refer to the same parts throughout the 
different views. Also, the drawings are not necessarily to scale, emphasis instead generally being 
placed upon illustrating the principles of the invention. 

FIG. 1 is an embodiment of a measurement tool selection interface; 

FIG. 2 is an embodiment of the file menu of FIG. 1; 

FIG. 3 is an embodiment of a soft allocations data table; 

FIG. 4 is an embodiment of a soft allocations setup screen; 

FIG. 5 is an embodiment of a soft allocations confirmation screen; 

FIG. 6 is an embodiment of a customer service impact inquiry interface; 

FIG. 7 is an embodiment of a customer service impact display showing days late for a 
single schedule; 

FIG. 8 is an embodiment of the display of FIG. 7 and showing detailed display of the 
display of FIG. 7; 

FIG. 9 is an embodiment of a customer service impact display showing numeric display 
of the graphed data; 

FIG. 10 is an embodiment of a customer service impact display showing the value late for 
a single schedule; 

FIG. 1 1 is an embodiment of a customer service impact display showing value-days late 
for a single schedule; 

FIG. 12 is an embodiment of a customer service impact display showing opportunity lost 
for a single schedule; 

FIG. 13 is an embodiment of the customer service impact inquiry interface of FIG. 6 
showing an inquiry for impact on selected customers; 

FIG. 14 is an embodiment of the customer service impact inquiry interface of FIG. 6 
showing an inquiry for impact on multiple schedules; 

FIG. 1 5 is an example of an embodiment of a customer service impact display showing a 
days-late comparison for two schedules; 



FIG. 16A is another example of a customer service impact display of the embodiment of 
FIG. 15; 

FIG. 16B is an embodiment of a delta graph of the information in the display of FIG. 

16A; 

FIG. 17 is a flowchart of a method according to an embodiment of the invention; 

FIG. 18 is a schematic diagram of a system according to an embodiment of the invention. 

FIG. 19 is an interface for selecting utilization, contention, and material constraint 
inquiries in an embodiment of the invention; 

FIG. 20 is an example of a contention inquiry graph display in an embodiment of the 
invention; and 

FIG. 21 is a display of detail information for the example of FIG. 20. 

Detailed Description 

Referring to FIG. 1, a tool for determining customer service impact is incorporated into a 
scheduling software program. In the example embodiment of FIG. 1, the tools are implemented 
as software running on a general-purpose computer, such as a INTEL PENTIUM-based personal 
computer running the MICROSOFT WINDOWS NT operating system, although the invention is 
not limited to that particular implementation. One example of such a scheduling program is 
VISUAL MANUFACTURING, distributed by Lilly Software Associates, Inc. of Hampton, NH. 
A user of the scheduling software program can complete a scheduling operation, and then use 
software-based tools to evaluate the schedule that results from the scheduling operation. 

The software based tools are accessed through a user interface. The user interface, 
referred to as the Throughput Window 5, allows the user to select inquiries for Customer Service 
Impact Inquiry 18, Contention Inquiry 19, Material Constraint Inquiry 20, Utilization Inquiry 21, 
Actual Throughput Inquiry 22, Expected Throughput Inquiry 23, Actual Throughput by Resource 
Inquiry 24, and Expected Throughput by Resource Inquiry 25. The operation of some of these 
inquiries 18-25 are described in co-pending U.S. Patent Application Serial No. 09/421,834 filed 
on October 20, 1999, entitled SYSTEM AND METHOD FOR THROUGHPUT 
MEASUREMENT, which is incorporated herein by reference. 




Referring to FIG. 2, in one embodiment, the software-based tools of FIG. 1 use a 
matching of supply and demand referred to as "soft allocations." The supply (i.e. work orders 
and inventory) are matched up with demand (i.e. customer orders) so that data associated with 
the supply, such as scheduled completion date, can be matched up with data associated with the 
demand, such as requested completion date. This matching may or may not determine which 
items actually are used for which customer orders. For example, the allocation may be used 
solely for the calculation of metrics such as customer service impact or throughput. In one 
embodiment, soft allocations are accomplished separately from the metric calculating and 
reporting mechanisms that use the soft allocations, so that the soft allocations can be allocated 
once, and numerous reports and/or inquiries utilities can use the same soft allocations 
information. For example, the customer service impact and expected throughput for several 
different schedules can be compared using the same soft allocations. 

Referring to FIG. 3, an embodiment of the soft allocations generator uses a data table that 
correlates between an item and its source of material and service information. The elements of 
the soft allocations data table include a customer order identifier ("CUST_ORDER_ID"), a 
customer order line number ("CUST_ORDER_LINE_NO"), a part identifier ("PARTJD"), a 
work order identifier ("WO_BASE_ID"), a work order lot identifier ("WOJLOTJD"), a work 
order split identifier ("WO_SPLIT_ID"), and a quantity allocated to this customer order line item 
from this source. These elements provide the necessary information to identify the customer 
order, to which the item is allocated, and the work order that is the source of the item, if the 
demand is not supplied from existing inventory. 

It is possible that some work orders may already be "linked" to customer orders outside of 
the soft allocations process. For example, if a make-to-order part is made specifically for a 
particular customer, the customer order for that make-to-order part may be linked to the work 
order for that part. The soft allocations generator can be configured to recognize such links, and 
to allocate first the customer orders and work orders that are linked. If work orders and customer 
orders are not already linked, they are matched based on their dates. In other words, the earliest 
customer orders are matched to existing inventory. After current inventory is allocated, work 
orders are allocated, based on the desired completion date of the work order. The soft allocations 
generator generates a row in the soft allocations table for each unshipped customer order line to 




which a work order is matched. The soft allocations generator verifies that the total quantity 
allocated for work orders matched to a customer order does not exceed the desired quantity. 
There may be inventory listed in the system that has been labeled "unavailable" or "on-hold" for 
various reasons. A user can optionally configure the soft allocations generator to allocate a 
quantity that is unavailable or an on-hold quantity. 

At the time that soft allocations are generated, all existing soft allocation records are 
removed from the soft allocations table. All allocations are recalculated and the soft allocations 
table is regenerated. The soft allocations generator creates a first array, referred to as a "demand 
array" of unshipped customer order line items, to which soft allocations have not been made in 
full. In one embodiment, these are sequenced by part identifier and desired ship date. The soft 
allocations generator also creates a second array, referred to as a "supply array," of inventory, 
firmed (planned and scheduled but deliberately not yet allowed to be worked on) work orders, 
and released (planned, scheduled and intended to be worked on) work orders from which soft 
allocations have not been made in full. These are in want-date (desired completion date) 
sequence. A work order that has co-products, meaning that more than one part will be produced 
by the work order, appears in this array multiple times, once for each part being produced. 

One by one, in the order that they are stored in the demand array, each customer order 
line item is matched to inventory and firmed and released work orders in the supply array. 
Optionally, the user can configure the soft allocations generator to allocate inventory labeled as 
"unavailable" and "on hold." If the customer order line item in the demand array is fully 
satisfied by the soft allocations, the customer order line is removed from the demand array. 
When all inventory has been allocated, allocations are made from the next work order for that 
item. The process is finished for an item when either all the supply (inventory and work orders) 
or demand (line items from customer orders) have been allocated. 

Optionally, a list of unallocated customer order lines and of unallocated work orders are 
provided in an audit text file. This list may be helpful to a manufacturing facility manager 
because it identifies customer orders for which work orders have not been allocated, and work 
orders for which there are no customer orders. There may be good reasons for a manufacturing 
facility to have work orders for which there are no customer orders, for example because of a 
forecasted demand. It still may be useful for manufacturing facilities management to review the 



list and verify that there are in fact good reasons why unallocated customer orders and work 
orders appear on the list. 

Referring again to FIG. 2, the Soft Allocations can be configured from the File Menu of 
the Throughput Window 5, with the choice of "Soft Allocation Setup." The soft allocation 
configuration options are shown in FIG. 4 on a Soft Allocation Setup window control when soft 
allocations are generated. The generator can be configured to automatically generate soft 
allocations at a particular time each day. For example, the generator can be configured to 
generate soft allocations once a day at midnight, or once a week on Wednesday at 3:06 P.M. A 
timer runs as software that is "sleeping" until the specified time for execution arrives. The Soft 
Allocation Setup is used to control when the Soft Allocations function is executed. 

The selection of the "create" button on the Soft Allocation Setup window will create soft 
allocations immediately. Referring again to FIG. 2, a user also can manually initiate the creation 
of soft allocation with the menu choice "Create Soft Allocations." If soft allocations are initiated 
manually, a confirmation screen, shown in FIG. 5, confirms that Soft Allocations should be 
processed. 

Referring again to FIG. 4, the user is also presented with three options on the Soft 
Allocation Setup Window: (1) Allocate Linked Orders First; (2) Allocate Unavailable Inventory; 
and (3) Allocate On-Hold Inventory. One or more of these options can be selected at the same 
time. The Allocate Linked Orders First option, which is a default, causes a new row in the soft 
allocations table to be generated for each unshipped customer order line to which a work order is 
linked. The Allocate Unavailable Inventory and Allocate On-Hold Inventory options allow the 
soft allocations generator to allocate inventory that has been labeled "unavailable" and "on-hold" 
respectively. The soft allocations generator verifies that the total quantity allocated for a linked 
work order does not exceed the desired quantity on that work order. 

Referring to FIG. 6, a Customer Service Impact interface is accessed by selecting 
"Customer Service Impact" from the Throughput Window of FIG. 1. The Customer Service 
Impact interface allows a user to configure customer service impact analysis. The base date 200 
is the date for the start of the inquiry analysis. 

If the "Round Up Finish Date if Time After" selection 202 is checked, any work order 
scheduled to finish after the predetermined time 204, shown in the figure as 5:00 p.m., will be 




credited to the next day. This is used to prevent lateness of a fraction of a day from being 
summed. In one embodiment, this is implemented by determining the fraction of the day 
specified by the predetermined time 204. For example, if the time is 5 p.m. as shown in the 
figure 204, 5 p.m. is the 17 th hour of a day, or (17/24) 0.70 days. Any fractional lateness less 
than 0.70 days will be rounded down to the current day. In other words, an item order that is 6.5 
days late will be considered 6 days late, while an item order that is 6.8 days late will be 
considered 7 days late. 

A user can specify or choose one or more "Selected Schedules" 206 to run the Customer 
Service Impact analysis on. A user can optionally select one or more customers 208 to measure 
customer impact. If the "Use Selected Customers" box 210 is unchecked, the analysis is 
performed for all customers. A user can specify 214 by means of a radio button whether to use 
the desired ship date (i.e. the current ship date of a line item) or an original promise date (i.e. the 
first date that was agreed on for item shipment) for the lateness determination; both the ship date 
and the original promise date are stored in the demand order. A user can choose the scope of 
display 216, by selecting a monthly calendar display, a weekly calendar display, or a daily 
calendar display. 

A user can choose the type of customer service measurement 218: days late, value late, 
value-days late or opportunity lost. If opportunity lost is selected, the user can select an interest 
rate 220 to use to measure the opportunity lost. 

A user can determine how the tool manages unallocated work orders. For example, the 
user can choose 222 to include unallocated work orders with customer orders ("COs"). This 
includes unallocated late work orders with the resulting late customer orders. This is helpful, for 
example, for made-to-stock environments where product is being built in anticipation of 
customer orders. Alternatively, a user can choose whether to include only late work orders that 
are not linked or soft allocated to a customer order. Only one of these boxes can be checked at a 
time, and if one of these boxes is checked, the bottom two radio buttons 224 become activated, 
and the user can choose whether to price unallocated work orders by unit list price or by 
projected cost as set out on the associated work order. Generally, if it is a standard part, the list 
price would be used. 




Referring to FIG. 7 an exemplary Customer Service Impact Display includes a graph of 
"days late" that shows the cumulative days late for all customer orders in the STANDARD 
schedule for each month. The graph shows the total days late, where the number of days late is 
measured as the difference between the scheduled finish date and the want date, where the value 
used for the want date is specified in the Late-By Date selection 214 of FIG. 6 to be the original 
promise date or the desired ship date. The want date also determines the column in which an 
order's lateness is reflected. The controls at the top of the display allow a user to redraw the 
graph for a different metric (days, value, value-days, or opportunity lost), a different scale 
(monthly, weekly, daily), a different base date, a different schedule, or using a different type of 
graph. The user can also select specific customers instead of evaluating impact for all customers 
as is shown in the example. 

Referring to FIG. 8, if a user clicks on a display bar for a particular month, the user is 
shown the detail for each item order that is included in that element of the customer service 
impact graph. If the user holds down the shift key and clicks on a display bar, the user is shown 
the detail for each item order in all the elements of the customer service impact graph. 
The detailed display includes customer and work order information, as well as summary and 
detail information. 

Referring to FIG. 9, by clicking on an icon 230 next to the graph type, a user causes 
display of bar graph results 232 in a spreadsheet-like numeric display. Each value displayed 
corresponds to a bar on the graph. 

Referring to FIG. 10, a graph of the "value late" shows the value late for all customer 
orders in the STANDARD schedule for each month. The graph shows the total value late, where 
the value late is measured as the order quantity that is going to be late multiplied by the unit price 
less any commissions and discounts. The display allows the user to redraw the graph for a 
different metric (days, value, value-days, or opportunity lost), a different scale (monthly, weekly, 
daily), a different base date, a different schedule, or using a different type of graph. A user also 
can use selected customers instead of all customers as shown. By clicking on a bar for a 
particular element (here, the month), a user can see the detail for each order item that goes into 
the total customer service impact for that month. By holding down the shift key and clicking on 
a bar, the user can see the detail for all elements in the display. The detailed display includes 
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customer and work order information, as well as summary and detail information. By clicking 
on an icon next to the graph type, the tool will display the bar graph results in a spreadsheet-like 
numeric display. Each value displayed corresponds to a bar on the graph. 

Referring to FIG. 1 1, a graph of the "value-days late" shows the value-days (i.e. dollar- 
days) late for all customer orders in the STANDARD schedule for each month. The graph shows 
the total value-days late, where the value late is measured as the days late multiplied by the value 
(as above). The display allows the user to redraw the graph for a different metric (days, value, 
value-days, or opportunity lost), a different scale (monthly, weekly, daily), a different base date, a 
different schedule, or using a different type of graph. The user also can use selected customers 
instead of all customers as shown. By clicking on a bar for a particular element (here, a month), 
the user can see the detail for each order item that goes into the total customer service impact for 
that element. By holding down the shift key and clicking on a bar, the user can see the detail for 
all elements. The detailed display includes customer and work order information, as well as 
summary and detail information. By clicking on an icon next to the graph type, the tool will 
display the bar graph results in a spreadsheet-like numeric display. Each value displayed 
corresponds to a bar on the graph. 

Referring to FIG. 12, a graph of the "opportunity lost" shows the opportunity lost for all 
customer orders in the STANDARD schedule for each month. The graph shows the total 
opportunity lost, where the opportunity lost is measured as the amount of money a company 
would lose by not being able to put the revenue into a money market account, which would gain 
a predetermined amount of interest over the number of days late. In a simple embodiment, this is 
determined by multiplying the value-days by a predetermined percentage. In a more complex 
system, this could include compounding of interest. The display allows the user to redraw the 
graph for a different metric (days, value, value-days, or opportunity lost), a different scale 
(monthly, weekly, daily), a different base date, a different schedule, or using a different type of 
graph. The user also can use selected customers instead of all customers as is shown in the 
figure. By clicking on a bar for a particular element (here, a month), the user can see the detail 
for each order item that goes into the total customer service impact for that element. By holding 
down the shift key and clicking on an element, the user can see the detail for all elements. The 
detailed display includes customer and work order information, as well as summary and detail 




information. By clicking on the detail display icon next to the graph type, the tool will display 
the bar graph results in a spreadsheet-like numeric display, where each value displayed 
corresponds to a bar on the graph. 

Referring to FIG. 13, a user can select one or more customers 250 to include in the 
customer service impact analysis. The graph display will then show only the customer service 
impact for the selected customers. Any number of customers, or all customers, can be selected. 
In the example of FIG. 13, six customers are selected. 

Referring to FIG. 14, a user can compare the customer service impact for two schedules, 
by selecting two schedules in the appropriate portion 260 of the user interface of FIG. 6. As 
shown in the example, two schedules are selected, STANDARD and INCR FASS Y. 

Referring to FIG. 15, the comparison of the two schedules STANDARD and INCR 
FASSY shows that for the past due item orders, INCR FASSY is 1 1 days late, and the 
J STANDARD schedule is 18 days late. INCR FASSY is therefore better by 7 days of lateness. 

| For the month of April (4/01), the STANDARD SCHEDULE is 67 days late, and the INCR 

□ FASSY schedule is 64 days late. Thus, for the month of April, INCR FASSY has a customer 

til 

m service impact that is three days "better" than the STANDARD schedule. If another customer 

yi service impact metric is chosen, the tool will show the differences between the two selected 

M 1 schedules. Likewise, if, as is shown in FIG. 13, only certain customers are selected, the customer 

D 

service impact for those customers for the two schedules will be shown. 
^ Referring to FIG. 16A and FIG. 16B, if the users holds down the control key and clicks 

□ on one display bars in the comparison of FIG. 1 5, the user is presented with a delta graph 
showing the difference between the two schedules. Referring to FIG. 16 A, a customer service 
impact comparison is shown. This comparison is like the example of FIG. 15, but with the 
comparison of a schedule called FIX RELIND and a schedule called STANDARD. If a user 
holds the control key and clicks on the display of the STANDARD schedule, the customer 
service impact delta graph is shown, as in the example of FIG. 16B. The bar clicked on (in this 
example, the STANDARD schedule) is the reference, and the graph of FIG. 16B shows the 
difference between the other schedule or schedules shown the customer service impact 
comparison (here, just the FIX RELIND schedule) and the reference (here, the STANDARD 



SCHEDULE). This delta display is useful for highlighting the difference between the customer 
service impact associated with the two schedules. 

Referring to FIG. 17, a computerized method for determining customer service impact 
includes receiving item orders having a requested completion date (STEP 290). Generally, item 
orders are received as part of normal operation of a scheduling software program, but in a stand- 
alone implementation, the item orders can be received specifically for the purpose of customer 
service measurement. Generally, item orders have a desired (also referred to as a requested) 
completion date. Generally, item orders are received in response to customer orders. 

The method also includes scheduling a scheduled completion date for each item order 
(STEP 291). This scheduling typically takes place as part of the operation of a scheduling 
software program. The scheduling may include scheduling both materials and resources, as 
described in co-pending U.S. Patent Application Serial No. 09/593,336, entitled METHOD AND 
APPARATUS OF SCHEDULING WORK ORDERS, filed June 14, 2000, and incorporated 
herein by reference. In another embodiment, the scheduling may include the scheduling of one 
of materials and resources. 

The method also includes selecting one or more item orders having scheduled completion 
dates (STEP 292). These item orders may be selected because they are due at a certain date, 
because they are associated with a particular customer, and so on. As in the example described 
above, all item orders may be selected. 

The method also includes comparing the scheduled completion date with the requested 
completion date for each of the selected item orders (STEP 293). The requested completion date 
may be the desired ship date, or the original promised date. The requested completion date may 
be the requested completion date of a customer order that is matched to an item order by the soft 
allocations process described above. The scheduled completion date for the selected item order 
can be determined as part of the scheduling step (STEP 291). 

The method also includes deriving a customer service measurement for each selected 
item order based on the comparing step (STEP 294). The customer service measurement is a 
measurement of time, money, or some combination of the two. In one embodiment, the customer 
service measurement includes the time difference between the requested completion date and a 
scheduled completion date, where the time difference is measured in one or more of years, 
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weeks, days, hours, minutes, and seconds. In another embodiment, the customer service 
measurement includes the monetary value of the item order. In another embodiment, the 
customer service measurement includes the amount of time difference between the requested 
completion date and a scheduled completion date multiplied by the value of the item order. In 
another embodiment, the customer service measurement includes the opportunity cost, which is 
the amount of time difference between the requested completion date and a scheduled completion 
date multiplied by the value of the item order and multiplied by a predetermined interest rate. In 
one embodiment, the total customer service measurement is determined based on the customer 
service measurement for each item order. 

The method can include the optional step of reporting and/or displaying customer service 
measurement data (STEP 295). In one embodiment, the method includes reporting the overall 
customer service measurement as the overall customer service measurement for a schedule. In 
another embodiment, the method includes displaying the customer service measurement on a 
calendar showing the total customer service measurement for a predetermined time period. 

The method can include repeating the method steps (STEP 291 through STEP 294 or 
STEP 295) for different schedules to determine the customer service impact of schedule changes 
(STEP 246). By an iterative process, a user can develop a schedule that minimizes (or 
maximizes) the customer service impact for all customers, or the customer service impact for one 
or more particular customers. For example, in one embodiment, the method includes 
determining a customer service measurement for a first customer based on the customer service 
measurement for each item order from the first customer. In another embodiment, the method 
includes displaying the customer service measurement on a calendar showing the total customer 
service measurement for a particular customer for a predetermined time period. In another 
embodiment, the method includes repeating the method steps for different schedules to determine 
the customer service impact of schedule changes on a particular customer or group of customers. 

In one embodiment, the method takes advantage of soft allocations, and so the method 
also includes generating a demand array of item orders, generating a supply array of 
manufacturing inventory, and selecting an item order in the demand array. The method further 
includes matching manufacturing inventory in the supply array with the selected item order, and 
the comparing step (STEP 293) includes comparing the scheduled completion date of an item in 
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the supply array with the requested completion date for the matched item in the demand array. In 
one embodiment, the method includes generating a demand array of unshipped customer line 
items. In another embodiment, the method includes generating a supply array of at least one of 
inventory work orders and manufactured inventory. 

The method may also include using other software tools to identify the cause of customer 
service impact. 

Referring to FIG. 1 8, an embodiment of the invention runs on a computer 300. In a 
preferred embodiment, the computer 300 is a personal computer with a CPU 322 manufactured 
by INTEL CORPORATION. In other embodiments, the computer 300 can be a powerful server 
or mainframe computer with multiple processors, or a hand-held computer with a 
microprocessor. In one embodiment, the computer 300 includes a CPU 322 and a form of mass 
data storage 317, such as a hard disk, floppy disk, memory array, and so on, and the mass data 
storage 317 may include some combination of these. Generally, instructions for the CPU in the 
form of computer applications programs are stored in the mass storage 317 and are loaded into 
memory 320, which may include volatile or non-volatile memory. In other embodiments, 
computer applications programs may be communicated across a network to network interface 
340, and placed in the memory 320 for execution by the CPU 322. 

The executable instructions that control the operation of CPU 122 and thereby effectuate 
the functions of the invention are conceptually depicted as a series of interacting modules 
resident within memory 320. (Not shown is the operating system that directs the execution of 
low-level, basic system functions such as memory allocation, file management, and operation of 
mass storage device(s) 317.) These modules perform the method steps describe above. Also 
included in memory 320 or in mass storage 3 17 can be the supply array 352 of inventory work 
orders and the demand array 353 of unshipped customer line items. 

A receiver 341 receives item orders having a requested completion date. A scheduler 342 
schedules a scheduled completion date for each item order. A selector 343 selects at least one 
item order, each item order having a scheduled completion date. A comparitor 344 compares the 
scheduled completion date with the requested completion date for the selected item orders. A 
measurement subsystem 345 derives a customer service measurement for each selected item 
order based on the comparing step. The measurement subsystem 345 can store the results in 




memory 300 or on mass storage device 317. An (optional) display subsystem 346 reports or 
displays the customer service measurement to a user. 

The system and method described above can also be used in conjunction with other 
inquiries and reports to facilitate minimization of customer service impact. For example, the 
utilization, contention, and material constraint inquiries described in U.S. Patent Application 
Serial No. 09/421,834 filed on October 20, 1999, entitled SYSTEM AND METHOD FOR 
THROUGHPUT MEASUREMENT, can be used to identify bottlenecks that have caused 
customer service impact. A utilization inquiry identifies resources having the highest 
load/capacity ratio during a specified time period. A contention inquiry identifies resources 
having the most contention, that is, the resource that is already allocated most frequently when 
attempts are made to schedule it. The resource that has the most contention is the resource most 
likely to make use of any additional capacity. The contention inquiry can be a better method for 
identifying bottlenecks than the utilization inquiry for that reason. A material constraint inquiry 
determines the item causing the most delay when attempts are made to schedule it. 

By allowing a user to perform these inquiries on a subset of item orders within a 
particular schedule, the bottlenecks that are a root cause of the customer service impact 
associated with those item orders can be identified and alleviated. A user can determine if the 
lateness is the result of a resource or material bottleneck, or both. Once a bottleneck is identified, 
the user can then take action to correct the problem. Just as one example, if a lack of capacity at 
a particular workstation is the root cause of lateness for a group of item orders, by identifying the 
problem to be a lack of capacity at that workstation, and then adding additional capacity, 
customer service impact can be reduced. 

Referring to FIG. 19, by clicking on the EDIT menu of the Customer Service Impact 
detail such as the detail display shown in FIG 8, the user is presented with the option of 
performing Utilization 410, Contention 41 1, or Material Constraint 412 inquiries for some or all 
of the item orders shown in the detail display. This allows the user to focus on the late item 
orders for a particular time period or for a particular customer or group of customers, or both. 

A utilization inquiry identifies the load/capacity ratios of resources during the specified 
time period, which is the time period of the display element for which detail is shown. A 
contention inquiry identifies resources for which the scheduling software has scheduling conflicts 




for the specified time period. The amount of contention can be measured by indicating the 
amount of time difference between when the scheduling software first attempted to schedule the 
resource and when the scheduling software was able to schedule the resource. A material 
constraint inquiry identifies bottleneck materials, such as raw materials and purchased parts, that 
cause disruptions in the schedule. The amount of material constraint can be measured by the 
amount of time difference between when the scheduling software first attempted to schedule the 
material and when the scheduling software was able to schedule the material. 

Each of the utilization, contention, and material constraint inquiries can be used to 
identify a cause for the customer impact, and to alleviate the problem. 

Referring to FIG. 20, taking Contention as an example, selection of Contention from this 
menu will perform a contention inquiry on the subset of item orders shown in the customer 
service impact detail. The resulting contention inquiry graph is shown in FIG. 20. This example 
fg figure shows that the contention is for the WIRE station, with a contention severity of 

~L S approximately 16, meaning that there is a total scheduling delay of 16 working hours. Likewise, 

O a material constraint inquiry would show the total scheduling delay in scheduling material, and 

m the utilization inquiry would show the utilization of resources. 

m Referring to FIG. 21, if the user clicks on the bar for the WIRE station in FIG. 20, 

H contention inquiry detail information is shown. As is shown in the figure, three item orders have 

ri contributed to the contention; all three orders were attempted to be scheduled on April 23, 2001 . 

J! The third order was not scheduled until April 25, two days later. Adding more WIRE capacity in 

B another schedule could reduce the contention for the selected subset of late item orders, and 

could therefore could reduce the customer service impact of those item orders. A revised 
schedule with added WIRE capacity can be compared to the STANDARD schedule as described 
above to display the benefit of the added capacity. Likewise, utilization and material constraint 
inquiries can be performed on subsets of item orders to identify and correct bottlenecks. 

In one embodiment, a method for reducing customer service impact includes performing 
the steps described above to determine a customer service measurement for work orders. The 
method also includes identifying a subset of work orders having a customer service measurement 
greater than a predetermined threshold, for example, all work orders more than 0 days late. The 
method also includes performing at least one of a utilization, contention, and material constraint 
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inquiry on the subset of work orders. In one embodiment, the method also includes identifying 
as a potential bottleneck a material or resource having the greatest result in the at least one of a 
utilization, contention, and material constraint inquiry, for example, identifying the material with 
the greatest material constraint as a bottleneck, or identifying the resource with the greatest 
contention as a bottleneck. A system for reducing customer service impact includes elements for 
performing each of the steps. 

U.S. Provisional Patent Application Serial No. 60/160,447, entitled CUSTOMER 
SERVICE IMPACT DETERMINATION, filed October 19, 1999, is incorporated herein by 
reference. 

Variations, modifications, and other implementations of what is described herein will 
occur to those of ordinary skill in the art without departing from the spirit and the scope of the 
invention as claimed. Accordingly, the invention is to be defined not by the preceding 
illustrative description but instead by the spirit and scope of the following claims. 

What is claimed is: 



